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This study aimed at evaluating the level of heavy metal pollution in the groundwater in Ilala Dar es Salaam. The potential sources of heavy metals in Dar es Salaam city include: auto-repair shops, informal sector activity premises, small to large scale industries, on-site sanitation systems, poor solid wastes management and fuel filling stations all of which have potential for groundwater pollution. A total of 54 water samples were collected from bore holes in Ilala district, Dar es Salaam region. The samples were collected in two seasons: the dry and wet seasons of September to October 2014 and March to May respectively. The samples were collected in clean and sterile glass bottles soaked overnight in 0.5% (v/v) analytical grade nitric acid. Physical parameters such as pH and EC were measured in-situ while heavy metals were analyzed in the laboratory by using atomic absorption spectrophotometer (AAS). Results show that pH of groundwater ranged between 7.3±0.04 to 5.2±2, EC ranged between 2470±28 to 256.5±43 (µS/cm). Chromium concentration in water samples from different locations in the study area ranged from below the detection limits to 1.1±0.01 mg/L for samples collected near petrol stations. These concentrations are above TZS and WHO standard (0.05mg/l). Lead (Pb) ranged from 0.34±0.2 to 0.15±0.1 (mg/l) which were above the TZS standard (0.01mg/l). On the other hands Cu and Zn were below the TZS and WHO standards. Dumpsite and the fuel filling stations have shown to have a major contribution of the heavy metal pollution to the groundwater. The heavy metal concentration varies with season whereby the concentration was low during the rainy season as a result of dilution by rain water. Users of this polluted groundwater are at risk of contracting various health problems including cancers.
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Groundwater is a valuable resource throughout the world, providing water supplies for domestic uses, industry and agriculture, as well as sustaining many surface waters, wetlands and their ecology. Pollution from various sources including industrial source is constantly reducing water quality worldwide. This in turn is leading to serious degradation, constituting a direct threat to public health that directly relies on groundwater.

Many developing countries, of which Tanzania is a typical example, experience shortage of water because of limitation of either one or both sources and resources. The current problem of the Dar es Salaam water supply system is its inadequacy to meet the ever-increasing demand of the city. The estimated amount of drinking water requirement in Dar es salaam, Tanzania has always been above the water supplied by Dar es Salaam Water Supply Authority (DAWASA). The present water supply system is inadequate and is characterized by rampant leakage and frequent interruptions and as a result consumers suffer from water supply interruptions arising from water supply rationing. Some city residents have to spend a lot of their time looking for water. It has been established that only 47.8% of residential areas are supplied with water piping systems (JICA, 1994, Mato et al., 2000). Therefore the deficit of 52.2% is compensated by water from alternative sources, mainly groundwater.
One of the most important environmental issues today is groundwater contamination (Tonya, 2008) and between the wide diversity of contaminations affecting water resources, heavy metals receive particular concern considering their high toxicity even at low concentrations (Mucheweti et al, 2006). Increase in population directly or indirectly accelerate resources utilization that leads to increased generation of solid and liquid waste as well as air emissions. Improper management of solid waste management contributes large quantities of pollutants (soil, water and air) percolating into groundwater table making pollutants to be continuously introduced into ecosystems. Heavy metal contamination in the groundwater is a major concern because of the toxicity and threat to human life and environment. Heavy metal such as Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Cd, Hg and Pb are potential soil and water pollutants concentrations (Mucheweti et al, 2006). Heavy metal studies are necessary to evaluate both soil/sediment and groundwater contamination. Furthermore most of the municipal water supplies come from wells, most of which are shallow wells. The toxic heavy metals entering the ecosystem may lead to geo-accumulation, bioaccumulation and biomagnifications (Mucheweti et al, 2006). 

Heavy metals like Fe, Cu, Zn, Ni and other trace elements are important for proper functioning of biological systems and their deficiency or excess could lead to a number of disorders (Mucheweti et al, 2006).. Food chain contamination by heavy metals has become a burning issue in recent years because of their potential accumulation in bio-systems through contaminated water, soil and air.

The presence of heavy metals in water is widespread, affecting hundreds of cities. In high dosages, these heavy metals are highly toxic to human, even deadly but at low doses some may have no significant effects to human. Areas of dumpsites and automobiles garages nowadays considered to be one of the largest sources of heavy metals (Titado et al, 2004). 

Human existence on earth is almost impossible without the heavy metal. Even though important to mankind exposure to heavy metals during production, usage and their uncontrolled discharge  into the environment has caused a lot of hazards to man, other organisms and the environment itself (Liu et al., 2013).  Groundwater movement is inevitable, thus, actual transportation of pollutants is also inevitable in the soil and groundwater. Therefore, the use of contaminated water in our life inevitably leads to contracting various health problems associated with contaminated water.

Water is essential to human life. In all its use, quality and quantity are the most important terms to consider. Quantity of water differs from place to place due to geographical and climate differences, land uses, while quality may differ due to pollution, nutrient flows, disposal of storm water and sewage and other urban wastes (particularly in estuaries, bays and shallow enclosed seas) or may change due to climate changes as well as changes in land use.

Tanzania has two main water sources: surface water and groundwater both used to supply water in urban and rural areas. Surface water resources in Tanzania consist of lakes, rivers, man-made reservoirs and natural ponds.  Groundwater is a major source of water for many areas in Tanzania and actually the most viable alternative supplement in the central and northern parts of the country/the drier regions and these consists of both boreholes and shallow wells (MoWI, 2010).

Many residents of Dar es Salaam City depend on groundwater for their water supply because they are not connected to the city’s water distribution network and general unreliability of the city’s water supply. In the city, groundwater is abstracted mainly through shallow wells and deep wells, many of which are located within residential, institutional, and industrial areas. Although it alleviates water supply problems among many of the city’s residents, use of groundwater especially because of the location of wells through which the groundwater is obtained, poses a number of challenges. One of these is salinity of the water and risk of sea water intrusion because the city is located along the coast. Another challenge is the contamination of the water by onsite sanitation systems which dominate the sanitation in the city. However, most of the literature is old and most of the remaining has a narrow scope. Notably, the literature generally discusses groundwater pollution irrespective of the use of the groundwater (Chen et al., 1996).

1.2  Statement of the Research Problem
Dar es Salaam city has many proven and potential sources of groundwater pollution due to shallow unconfined aquifer that may allow easy water contamination that can be associated with both anthropogenic activities and natural. These groundwater pollution sources include: auto-repair shops, informal sector activity premises, small scale industries, medium and large scale industries, on- site sanitation systems, poorly managed solid waste collection points, illegal solid waste disposal areas, operating solid waste disposal areas, the closed dumpsites and fuel filling stations. Therefore all these activities may alter biological, chemical and physical properties of groundwater. Changing water properties may increase or decrease the availability of heavy metals in groundwater.

Focal classes’ pollutants for the studies that have been carried out on groundwater pollution have mainly been hydrocarbon, nitrate, bacteriological pollutants and salinity imparting salts. Unfortunately, no study focusing on heavy metal pollution of groundwater in Dar es Salaam has been reported, which suggests the likelihood that none of groundwater pollution studies carried out in Dar es Salaam has focused on heavy metal pollution. This is in spite of the fact that much of the groundwater pollution proven and potential sources identified above are known to generate waste fractions that contain varying levels of heavy metals. In view of the observation made above, there is a clear knowledge gap that needs to be bridged if knowledge of the status and trends of groundwater pollution in Dar es Salaam city is comprehensively enhanced.

During this activity the wastes generated are not properly managed and these wastes contain heavy metals including Lead, Cadmium, Copper, Zinc, Chromium and Arsenic. Since there are poor management practices of wastes disposal there are possibilities of both soil and groundwater contamination which can increase human exposure to heavy metals. The exposure of these metals to human can cause serious health problem including cancers and pulmonary disorder.

In Dar es Salaam today, the use of groundwater has become an agent of development because the government is unable to meet the ever increasing water demand. Thus, city residents have had to look for alternative groundwater sources such as shallow wells and boreholes. The quality of these groundwater sources are affected by the characteristics of the media through which the water passes on its way to the groundwater zone of saturation; thus, the heavy metals discharged by industries, traffic, municipal wastes, hazardous waste sites as well as from fertilizers for agricultural purposes and accidental oil spillages from tankers can result in a steady rise in contamination of groundwater. This work will examine sources of heavy metal pollution and its spatial distribution in Dar es Salaam City.

1.3 General Objective 
The general objective of this study are to assess the major sources of heavy metal pollution of groundwater in Dar es Salaam city and track the temporal and spatial trends of the pollution in selected parts of Dare s Salaam city.

1.4 Specific Objectives
The specific objectives are:
i.	To identify the main sources of heavy metal pollution of groundwater in selected areas of Ilala district, Dar es Salaam city.
ii.	To determine the current levels of heavy metal pollution in groundwater in selected areas Ilala district, Dar es Salaam city.
iii.	To determine the temporal and spatial trends of heavy metal pollution of groundwater in selected areas of Ilala district, Dar es Salaam city.
iv.	To assess the current measures taken to prevent and control heavy metal pollution of groundwater in Ilala district, Dar es Salaam city.

1.5 Significance of Research
Accordingly, the purpose of this study was to find a way to support decision makers and research beneficiaries in identifying and evaluating effects associated with heavy metal due to anthropogenic activities like garages, car washing, petrol stations and industries. Therefore this study provide possible control measures of poor management of wastes generated human activities hence minimization of human exposure to heavy metal. Also this study enables government, private sector, NGO’s and other stakeholders to provide education to society /communities on the concern of heavy metals pollution.

1.6 Scope 
This research was based on assessing sources of heavy metals contaminants (Dumpsite, Petrol stations and others sources) in groundwater in Ilala Municipality. Also the research based on the analysis of physical parameter, which were pH, electric conductivity, turbidity, temperature, total dissolved solids, salinity and heavy metals that are cadmium, lead, chromium, copper and zinc.

1.7 Conceptual Framework
Conceptual diagram was used as an assumption to indicate how heavy metals may reach the environmental media (soil and water) from their sources of groundwater contamination and then to target organs where heavy metals may affect human being.
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Groundwater refers to subsurface water which occurs below the surface of the earth (Adhikari et al, 2006). Groundwater occurs in two distinct zones. The unsaturated zone is the uppermost zone, which occurs immediately below the land surface; it contains both water and air. Below the unsaturated zone is a zone in which all interconnected openings contain only water. This is referred to as the saturated zone.  Water table is defined as a level near the upper part of the saturated zone at which water occurs under a pressure equal to the atmospheric pressure (Adhikari et al, 2006).. Water in the saturated zone is the only underground water that is available to supply wells and springs and is the only water to which the name groundwater is correctly applied (Adhikari et al, 2006).

2.2 Aquifers and Confining Beds 
Falid (2011) describes an aquifer as a saturated permeable geological unit that can transmit an appreciable quantities of water into a well or spring. From groundwater occurrence perspective, all rocks underlying the earth’s surface are classified as aquifers or confining beds. A confining bed is a geological unit that restricts the movement of groundwater either into or out of adjacent aquifers. According to (Falid, 2011) groundwater can occur in aquifers under one or both of the following conditions; unconfined aquifer and confined/artesian aquifer. 
2.2.1 Unconfined Aquifer
Unconfined aquifer is one that does not have a confining layer overlying it. The water table or upper surface of the saturated groundwater body is in direct contact with the atmosphere through the open pores of the material above and is everywhere in balance with atmospheric pressure. Water wells open to unconfined aquifers are referred to as water-table wells. The water level in these wells indicates the position of the water table in the surrounding aquifer (Falid, 2011).

2.2.2 Confined or Artesian Aquifer
This has an overlying, confining layer of lower permeability than the aquifer and has only an indirect or distant connection with atmosphere. In the artesian aquifer water is under pressure and when the aquifer is penetrated by a tightly cased well or piezometer, the water will rise above the bottom of the confining bed to an elevation, which it is in balance with the atmospheric pressure in the aquifer at the point of penetration. If this elevation is greater than the elevation of the land surface at the well, water will flow from the well (Mato, 2000). The imaginary surface, conforming to the elevation to which water will rise in well penetrating an artesian aquifer is known as piezometric surface. Wells drilled into confined aquifers are referred to as artesian wells. The water level in artesian wells stands at some height above the top of the aquifer but not necessarily above the land surface. The static water level in wells completed in confined aquifers stands at the level of piezometric (which is immersed subsurface that defines the level to which, water in a confined aquifer would rise were it completely pierced with wells) according to Vice President’s Office (2008).
2.3 Groundwater System
Furthermore, it is also important to know if the groundwater system is a recharge or discharge system (gaining type or losing type). The quality of water is affected by the quality of groundwater entering the system of water supply in the borehole (Dunne, 1978). This is because the water table elevation is approximately the same as the gaining borehole surface elevation; both elevations may be used to construct water table maps (contour) and to predict groundwater flow direction.

 2.3.1 Hydrologic cycle and interactions of groundwater and surface water
Groundwater is the second smallest of the four main pools of water on Earth (Fig.2.1), and river flow to the oceans is one of the smallest fluxes, yet groundwater and surface water are the components of the hydrologic system that humans use most. Groundwater moves along flow paths of varying lengths in transmitting water from areas of recharge to areas of discharge (Chapman et al, 1996).

Figure 2.1  :  Four main pools of water on earth, (Chapman et al, 1996).

If a surface-water bed consists of one sediment type, such as sand, inflow seepage is greatest at the shoreline, and it decreases in a nonlinear pattern away from the shoreline. Geologic units having different permeabilities also affect seepage distribution in surface water beds. For example, a highly permeable sand layer within a surface-water bed consisting largely of silt will transmit water preferentially into the surface water as a spring Ground-water flow paths vary greatly in length, depth, and travel time from points of recharge to points of discharge in the groundwater system (Bowman et al 2002). Small-scale geologic features in beds of surface-water bodies affect seepage patterns at scales too small as Figure 2.2.

Figure 2.2  :  Geologic features in beds of surface-water bodies affect seepage Source:Bowman et al 2002
Ground-water seepage into surface water usually is greatest near shore. In a flow diagram such as that shown (Fig 2.3), the quantity of discharge is equal between any two flow lines; therefore, the closer flow lines indicate greater discharge per unit of bottom area (Chapman et al, 1996).

Figure 2.3  :  Groundwater seepage into surface water usually is greatest near shore 
Source: Chapman et al, 1996

2.3.2 Chemical interaction in subsurface water 
Many streams are contaminated. Therefore, the need to determine the extent of the chemical reactions that take place in the hyporheic zone is widespread because of the concern that the contaminated stream water will contaminate shallow groundwater. Streams offer good examples of how interconnections between groundwater and surface water affect chemical processes. The movement of water between groundwater and surface water provides a major pathway for chemical transfer between terrestrial and aquatic systems (Bahiigwa et al, 2007). In deeper ground-water flow systems, the contact time between water and minerals is much longer than it is in shallow flow systems.

2.3.3 Biodegradation
Microorganisms degrade (transform) organic and inorganic chemicals as a source of energy and carbon for growth. Microbial processes are important in the fate and transport of many organic compounds. Some compounds, such as petroleum hydrocarbons, can be used directly by microorganisms as food sources and are rapidly degraded in many situations. Other compounds, such as chlorinated solvents, are not as easily assimilated. The rate of biodegradation of an organic chemical is dependent on its chemical structure, the environmental conditions, and the types of microorganisms that are present (WHO, 2004).

2.3.4 Human activities on the interaction of groundwater and surface water
Human activities commonly affect the distribution, quantity, and chemical quality of water resources. The range in human activities that affect the interaction of groundwater and surface water is broad. “Short term” implies time scales from hours to a few weeks or months, and “long term” may range from years to decades. “Local scale” implies distances from a few feet to a few thousand feet and areas as large as a few square miles, and “sub regional and regional scales” range from tens to thousands of square miles (US EPA, 1990).

2.3.5 Groundwater contamination
Groundwater pollution is mainly and largely affected by human activities interaction. Existing situation alter the groundwater quality and quantity. Activities that alter the groundwater quality are heavy construction of industries, groundwater drilling, unsafe disposal of solid waste in many areas. In order to obtain reliable results, the monitoring wells should be closely spaced along transects across the contaminant plume. Multilevel monitoring wells help in creating a three-dimensional integration of contaminant concentrations (Verschoor et al, 1998). A dense grid of monitoring wells can give very detailed information about the distribution of contaminants. However, this method is practical for small study sites.

2.3.6 Disposal site and soil pollution heavy metal generation
Disposal sites receive different kind of solid waste from various corner of the existing population contributing to non-uniformity of waste being disposed in the disposal site. Solid waste and their various components such as heavy metal, leachate, hydrocarbon, gaseous, enter and environmental receptors at the dumpsites. Pollution of the aquatic environment by inorganic and organic chemicals is a major factors posing serious threat to the survival of aquatic organisms including fish (Mushtakova et al, 2005).

2.4 Heavy Metal Pollution in Soil 
Soil contamination with heavy metals has been a big issue worldwide (Marshall and Agrawal, 2003). It has been carried out intensively to investigate contaminated soils for evaluating the level of contamination in relation to human health and/or environmental conservation. It is also very important to investigate the process of soil contamination itself with special attention to available fractions because it directly relates to the management and prevention of soil contamination. It is generally known that availability of metals in soil decreases with time after contamination. This phenomenon known as “aging”, however, has not been investigated comprehensively for a variety of soils with a range of metals (LaGrega et al, 1994).

2.5 Leachate Generation
As the function of water, bacteria and available food substance from the solid waste, bacteria degrade the solid waste to form leachate that is composed of various chemical compounds. The formation of soluble organic forms of trace elements and mass transport of elements through channelization may result in the movement of trace elements from the surface layers, resulting in lower amounts in the surface layers (LaGrega et al, 1994). MSW leachates receive loads of contaminants that are usually greater than in the surrounding sub-urban or rural areas due to the concentration of anthropogenic activities of urban settlements.

2.6 Environmental and Health effect of Heavy Metals
The presence of toxic metals such as lead (Pb) and cadmium (Cd) in the environment has been a source to environmentalist, government agencies and health practitioners. This is mainly due to the health implications, since they are non-essential metals of no benefit to humans (Kisamo, (2003). Cadmium exposure produces kidney damage and hypertension.  

Lead is a commutative poison and a possible human carcinogen (Khan, 2009). High concentrations of lead can cause irreversible brain damage (encephalopathy), seizure, coma and death if not treated immediately (U.S. EPA, 1986). Kidney disease, both acute and chronic nephropathy is a characteristic of lead toxicity. In addition, lead and mercury may cause the development of autoimmunity in which a person’s immune system attacks its own cells. This can lead to joint diseases and ailment of the kidneys, circulatory system and neurons. At higher concentrations, lead and mercury can cause irreversible brain damage. Children are susceptible to the most damaging effects of lead toxicity. This is because children absorb lead much more efficiently than adults after exposure (U.S EPA, 1986).

For mercury, toxicity results in mental disturbance and impairment of speech, hearing, vision and movement (Kisamo, (2003). 

Heavy metals become toxic when they are not metabolized by the body and accumulate in the soft tissues (Kisamo, (2003). At low concentrations, some heavy metal such as copper, selenium and zinc are essential to maintain the metabolism of the human body. At higher concentrations they can lead to poisoning (Hutton, 1986). Prolonged exposure to heavy metals such as cadmium, copper, lead, nickel and zinc can cause deleterious health effects in humans (Flynn and Haslem, 1995). 

Heavy metals in soils can be derived from natural components or geological sources as well as from human activities or anthropogenic sources. These include soil parent materials, volcanic eruptions, marine aerosols, forest fires from natural/geological component. Anthropogenic sources includes agricultural activities (fertilizers, sewage sludge, pesticides, irrigation water), energy fuel production such as emission from power stations, mining and smelting such as tailing, smelting, refining and transportation (internal combustion engines), urban/industrial complexes that include incineration of waste and waste disposal, recycling operation such as melting of scrap (Flynn and Haslem, 1995).

Metal contamination issues are becoming increasing by common, the occurrence of heavy metals pollution in soils, both natural and manmade, has been the subject of a number of studies (Cui et al, 2004). Whereas metal contamination is widespread, the occurrence of heavy metals in agricultural soil is a major concern. They may be taken up by plants and can enter the food chain in significant amounts. Hence, people could be at risk of adverse health effects from consuming vegetables grown in soils containing elevated metal concentrations. For instance, it estimated that approximately half of human lead intake is through food, with around half originating from plants (Chapman and Kimstach, 1996). 

2.7 Shallow and Borehole Water
The dug wells and hand-augured wells are usually shallow wells that tap the unconfined aquifers that are sensitive to rainfall. These shallow aquifers are also more vulnerable to groundwater contamination. 
The shallow boreholes however have their main supply from the transition zone between the hardrock and the soft rock (Weathered Bedrock-WB zone). If mud drilling is used then the drilling will have to stop when the weathered rock becomes too hard, this usually happens when the weathered bedrock (WB zone) has been fully penetrated. The shallow boreholes usually penetrate between 5 and 15 m of clay before the main aquifer is penetrated. These aquifers are not very sensitive to rainfall and they are less vulnerable to groundwater pollution since impermeable clay layers cover them (Mato,2000)..

Figure 2.4  :  Shallow and borehole descriptions (Mato, 2000).
Type	Description	Depth (m)
Deep borehole  	A deep borehole is a machine drilled (muddrilling or down the hole hammer [DTH]) well with a depth greater than the maximum depth defined for a shallow borehole. It is installed with 4-8” PVC casing/screens. 	30 -100
Dug shallow well	A dug well is a shallow well usually with a diameter of 1 m. It is dug with small tools that are not motorized.  It is installed with concrete rings or lined with bricks. Depths range from 4-5 m in valleys to depths of 30 m further away from the valleys 	4-30
Hand augured shallow well 	A hand augured shallow well is a well, drilled with human power down to a specified depth. In reality typical depths are between 4-5 m in valleys and 10-15 m further away from the valleys. It is usually installed with 4” PVC casings / screens. 	5-15
2.8 Review of Water Quality and Pollution Studies in Tanzania
Several studies have shown that in general the coastal waters in many parts of Tanzania are in relatively pristine condition. The exception is coastal areas bordering major towns that are recipients of untreated municipal and industrial wastes and agriculture wastes. Sewage pollution has been cited as being a major cause of waterborne disease; including diarrhea, gastroenteritis, cholera and dysentery.

In Dar es Salaam domestic waste industrial waste and paint waste are some sources of pollution (Mato 2000). Only 15% of city residents are connected to the sewer system discharging into the sea untreated wastewater. Discharge of untreated sewage in Dar es Salaam introduces high fecal and total coliform levels in coastal waters. It has been reported that chlorinated organic compounds are present at alarming levels in the harbor areas as are heavy metals like lead, zinc, copper. The metal content may also be contributed by various garages and petroleum stations constructed in various location in Dar es salaam city (Mato,2000).

Msimbazi, Mlalakuwa , Kizinga ,Ng’ombe rivers are among the most polluted water bodies in Dar es Salaam. The rivers and creeks receive large quantities of untreated domestic waste from the city residents in addition to wastes from various industries (Mato 2000). The river pollutants of industrial origin such as dyes, paints wastes, oil, tars, organic wastes, heavy metal, PCBs, cyanides and pesticides have been observed in the aforementioned rivers.
2.8.1 Impacts of heavy metal in groundwater
Exposure to heavy metal is normally chronic due to food chain transfer. Acute poisoning from heavy metal is rare through ingestion or dermal contact (TBS, 2003). Heavy metal polluted groundwater present a potential public health risk associated with dietary intake of heavy metals. Intake of heavy metal through the drinking water system is considered to be the dominant pathway of human exposure from groundwater pollution.  Among the heavy metal, copper, cadmium, chromium, lead, mercury, zinc and arsenic are commonly considered toxic to both plants and humans (Weyhenmeyer et al., 2012).

2.8.2 Sources and movement of pollution loads
Natural attenuation of pollutants happens as the pollution load infiltrates/percolates through the soil matrix to the aquifer. Natural attenuation is normally accomplished by different natural processes including advection, sorption, dispersion, diffusion, recharge, volatilization, biodegradation, Abiotic processes and partitioning from NAPL. If the pollution level is high enough, the natural attenuation processes can be limited from pollutants attenuation thus to contaminate the groundwater aquifers (Weiedemeier, 1999).

In the investigation that was conducted to identify the major potential sources of groundwater pollution in Dar es Salaam City, the largest urban centre in Tanzania, domestic sewage, industrial effluents, solid waste dumpsites and petroleum products dispensing units were found as main pollution sources of heavy metals (WHO, 2004).
2.8.3 Industrial effluents
Industrial effluents are partially treated or disposed of on land, in pits at production premises or to nearby watercourses. More than 2 tons per day of COD reaches the groundwater from industrial establishments, including effluents containing hazardous components (Mato, 2000).

2.8.4 Solid waste dumpsites
Solid waste is crudely disposed at dumpsites, the practice which severely affects the quality of groundwater, in that it injects organics and toxic substances in it. Taking into account that the water is being used within the nearby low-income neighborhood, this practice can be considered as a health hazard. Crude disposal of solid waste in Dar es Salaam can potentially transfer about 230 and 85 tonnes per day of COD and NH3-N respectively (Mato, 2002).

2.8.5 Petroleum products
The filling stations dispensing petroleum products in the city are potentially threatening the aquifers, due to the toxic nature of some of the hydrocarbons. The number of filling stations has doubled during the past five years up to year 2002. It was observed that more than 25% of the stations might be having leaking tanks. The inadequate disposal of waste oils also contributes to the pollution of groundwater in Dar es Salaam. More than one million liters of waste oils are generated per year in Dar es Salaam, and only about 6% is reused (Mato, 2002).
2.8.6 Domestic liquid wastes
Domestic wastewater in Dar es Salaam is managed through off site and on site system, which serves 13% of residents and conveys wastewater to nine waste stabilization ponds and to one outfall located at Magogoni. The WSPs include those at Lugalo, Msasani, Ubungo, Airwing, Vingunguti, Ukonga, University of Dar es Salaam, Buguruni and Kurasini.

Some of the ponds have broken embankments, defective embankments and lining will allow pollutants to infiltrate into the groundwater. Also, non-working WSP means more sewage will be disposed of into the ground, as less septic tank and pit latrine sludge will be brought to the ponds (Mato, 2000).

On the other hand the on-site sanitation systems, which are being used by over 80% of the city inhabitants, have become a diffuse source of heavy metals, organic and microbiological pollution of the unconfined aquifer. About 60 tonnes/day of chemical oxygen demand (COD) are transported to the groundwater through domestic sewage (Mato,2000).

The effluent from the septic tank system and pit latrines that is allowed to percolate into the soil represents a potential source of groundwater contamination. Emptying is done either mechanically using vacuum tankers or manually by “frogmen”. The latter involves digging of a new pit and the sludge transferred into it and mostly applicable in squatter areas where accessibility is limited. As the squatter areas accommodate about 70% of the Dar es Salaam residents therefore, the on-site sanitation systems in Dare es Salaam are now considered as diffuse sources of groundwater pollution.

Poor system design, improper construction and bad system locations, and excessive septic tank and pit latrine densities have lead to groundwater pollution. In areas with a high water table (such as Sinza, Mlalakuwa, Kiwalani, Manzese, Majumbasita etc) the systems (septic tank and pit latrines) intersects with the water table therefore the sewage is disposed of directly in the groundwater within the pit latrine or soak-away pit of the septic tank. It is obvious that such practices lead to serious inorganic and organic pollution of the unconfined aquifer; any may render the ground unfit for human consumption (Mato, 2000). 

2.8.7 Water Sources Qualities 
The quality of the water depends upon its origin and history. Natural waters show in general quality characteristics of their sources. Many factors, however produce, variations in the quality of water obtained from the same type of sources. These variations derive from the opportunities for water to take substances into solution or to carry them in suspension. Climatic, geographic and geologic conditions all play important parts in determining water quality. A more serious aspect of water pollution is that caused by human activities, urbanization and industrialization (Allan, 1997)). All surface waters and many groundwaters should be disinfected even when they appear to be clean and presumably safe in their natural state (Andrew, 2005).
2.8.8 Surface water quality
Surface water can be taken from streams, rivers, lakes or irrigation canals. Water in such surface source originates partially from groundwater outflows and partially from rainwater that has flowed over the ground to the receiving bodies of surface water. The groundwater outflows will bring dissolved solids into the surface water; the surface run-off is the main contributor of turbidity and organic matter, as well as pathogenic organisms. 

The quality of the surface water varies considerably with seasons. During wet period, the water may be low in dissolved solids content but often of a high turbidity while in dry season water flow is low and the load of dissolved solids is less diluted. In the surface water bodies, the dissolved mineral particles will remain unchanged but the organic impurities are degraded through chemical and microbial processes (Andrew, 2005).

2.8.9 Groundwater quality
Groundwater originates from infiltrated rainwater, which after reaching the aquifer flows through underground. During infiltration, the water will pick up many impurities such as inorganic and organic soil particles, debris from plant and animal life, microorganisms, natural or manmade fertilizer pesticides etc.

During its flow underground, however, a great improvement of water quality occurs. Suspended particles are removed by filtration, organic substances are degraded by oxidation, and microorganisms die away because of lack of the nutrients. The dissolved mineral compounds are not removed; in fact, the mineral content of the water can increase considerably through the leaching of the salts from the underground layers.

Groundwater, if properly withdrawn, will be free from turbidity and pathogenic organisms. When it originated from a clean sand aquifer, other hazardous or objectionable substances will also be absent. In these cases, a direct use of the water as drinking water may be permitted without any treatment (Ashraf et al 2012).

Groundwater pollution caused by either human activities or natural pollution. Contamination of groundwater from human activities and natural situation includes many sources such as pesticides, animal feeding operations, salt water intrusion, hazardous waste, fertilizers, natural leaching etc. Sources in this instance are defined as point along the pathway, originating in human activities, through which substances travel as they flow through and are released into groundwater (Andrew, 2005).

2.8.10 	Rainwater
An obvious but more neglected source is rainwater. This is only limited scope for Municipal supplies except where other alternatives are lacking, usually on Island or isolated peninsulas. Rainwater could be an extremely important source in rural areas, however and especially so for dispersed populations (Chapman and Kimstach  1996).

Rainwater is usually slightly acidic due to its reaction with carbon dioxide in the atmosphere to form carbonic acids. When rainwater contacts gaseous pollutants in the atmosphere like sulphur dioxide (e.g. from volcanoes and industry), it may become quite acidic causing problems of corrosion and bitterness of taste 

2.8.11 Weather condition 
Ilala Municipality lies in the tropical Coastal belt of Tanzania and therefore experiences a modified type of equatorial climate with hot weather and high humidity throughout a year. An average range of temperature is between 21ºC and 35 ºC. It is a bit cool between May and August with temperature around 25 ºC. The maximum temperature is experienced in October and November where it reaches up to 34oC. There are two rain seasons; short rain from October to December and long rain season between March to May. The annual rainfall ranges between 1000 mm and 1300 mm. Wet season is usually between March and May and the average humidity is around 96% in the morning and 67% in the afternoon. The average annual evaporation rate is 201 mm (TMA, 2013).

2.8.12 Geological and Geotechnical characteristics
In Ilala areas the soil type is graded as sandy-clay, silt-clay, and sand horizons of variable permeability (DDCA, 2012).  The soil cores were used to characterize the soil profile using borehole logs and the soil samples are taken for analysis of physical, chemical and biological characteristics, water content and pollutant distribution. The organic contaminants like petroleum hydrocarbons strongly bind inside the soil matrix and other pollutants like heavy metal tend to percolate to groundwater as according to nature of the soil hence tend to persist for a long time at the contaminated sites (DDCA, 2012). 

2.8.13 Hydrological conditions
The uppermost water-bearing unit in the study area is the unconfined aquifer, which consists primarily of unconsolidated materials. The lower aquifer system is under semi-confined conditions in unconsolidated sediments. It is considered as a Pleistocene to Recent deposit and has an average thickness of 100 m. The semi-confined aquifer overlays the base of the groundwater reservoir, formed by an aquitard of thickness about 1000 m in the Mio-Pliocene clay-bound sands.

 2.8.14 Land usage around Ilala municipal
The Municipal Council areas are dominated by Commercial centres including the city centre, residential areas, manufacturing industries (heavy and light industries). Government buildings and most of the National administrative offices and offices of international organisations are located in Ilala municipality. In Ilala most of squatter settlements are found in Buguruni ward, Tabata ward and Vingunguti ward with most of industries are located along Mandela and Nyerere road. Also the area is populated with various hostels, shops, agricultural activities, bars, recreational, offices, slaughter house and playing ground.

2.8.15 Socio-economic characteristics at Ilala municipal 
According to Ilala municipal Council, 2004 report, is having a community with sustainable social and economic development through participatory resource mobilization and utilization thus enhancing the quality of social and economic services by using the existing resources and opportunities.

The major economic activities in the municipality include; Internal Trade, Manufacturing, Tourism, Transport and Communication, Urban Agriculture, Fishing, Mining and Quarry, Utility Services, Construction, Finance and Insurance, Public Administration and Education.

2.8.16 Employment status
The employment status in Ilala municipality is structured as Agriculture (25.28%), non-agriculture (43.57%), employees (28.18%), family workers (1.63%), farmers (23.43%), street vendors (16.69%), services and shop sales workers (15.48%). Others are craftsmen (9.47%), technicians and professionals (7.84%), and elementary occupation (7.95%) (IMC Profile, 2004).

2.8.17 Water sources used at site 
According to IMC office, 2014 most of the residents depends on the undergroundwater especially boreholes and some get tap water supplied by DAWASCO as source of water for both economic and their daily social activities. Plate 2.1 below shows the water sources used by many Ilala dwellers.  

                     Plate 2.1  :  Uncovered shallow well and covered shallow well

2.8.18 Pollution sources 
Some of point sources and non-point sources of contaminants at the study area are described below

2.8.18.1 Garage activities
Around the site many garages are located at up gradient area example Tabata Mandela as one of the most commonly known number of informal garages and the residential settlement are located down gradients. During rainfall waste water contain heavy metal like pollutants poured on the land can be swept easily by surface water runoff to water sources or well if is not well protected and from questionnaire analysis 50% pollution at the site is contributed by garages (Plate 2.2).

                      Plate 2.2  :  Poorly Handled Grease and Oil at the Area

2.8.18.2 Industrial activities
The site was surrounded by various industries among few of them are Bakhresa food products Ltd, Laknani textile industry, Saafa plastics Ltd, textiles industry (NIDA), iron industry, rollers and Simba trailer industry and Metro steel industry  which seemed to have potential impacts on the environment. The industries available at Ilala tend to direct discharge their liquid waste to the near drainage system that goes directly to Tenge River and various stream and finally to Msimbazi River. According to the result from questionnaires, industries contribute to about 22% to pollution of land (Plate 2.3). 

             Plate 2.3  :  Waste water from Open Sanity industry in Ilala Municipal

2.8.18.3 Agricultural activities 
At Ilala municipal urban farming activities like vegetables cultivation  contributes much to pollution of soil as well as water sources through application of dangerous pesticides and poultry manure in which some studies identified it as one of the sources of heavy metal contamination. Also some of the Ilala residents may be exposed to heavy metal pollution through application of polluted water to irrigate vegetables as it was observed in Tabata where people use wastewater discharged from Mohamed enterprises limited industries and from Tenge River. Therefore the exposure to contaminant is high.(Plate2.4). 
 
                            Plate 2.4 : Urban Farming in Ilala Municipal
2.8.18.4 Poor waste management 
In Ilala as many areas of the city, failure to control the discharge of waste water from both industries and municipal or domestic sources as well as improper disposal of solid waste in various areas may contributes much to heavy metal contaminations to groundwater. When left for a long time, these solid waste tend to pollute soil through leachate generation which later on may percolate to groundwater or swept by surface water run off to water sources like water well if they are not well protected. 
2.8.19 Description of Pugu dumpsite
The pugu dumpsite is approximately 20 km from the Dar es Salaam city centre and lies at latitude 6° 51' 41" S and longitude 39° 07' 02" E, and covering an area of approximately 75 hectares. The site was previously used as sand quarry and then afterward turned into waste disposal site, which has been in operation since 2007 after the closure of Mtoni dumpsite.

2.8.20 Solid waste entrance in the site
It has been estimated by the Dar es Salaam Local Authorities (DLAs) that approximately 4,200 tons per day of solid waste were generated in Dar es Salaam in 2011. This represents a generation rate of 0.93 kg/cap/day based on a population of 4.5 million (Robert, 2012). The DLAs have also estimated that less than 40% of the total wastes generated in the city are collected and disposed of in the Pugu dump site or otherwise recovered (Robert, 2012). Therefore the uncollected waste may contribute to groundwater contamination through groundwater movement (flow) and other chemical reactions. 

2.8.21 Description of the Tabata Mandela Dumpsite
According to topographical survey and area survey conducted in July and August 1988, Tabata Mandela is one of the parts of the former Tabata solid waste disposal which covers 12 acres. The site was operated for many years by Dar es salaam city but was closed after Tabata residents took their case to the court and won in 1989. According to Materu (2005) hazardous waste such as heavy metal and hospital waste like syringes were frequently disposed hazardously at Tabata dumpsites which lead to the formation of high concentration of leachate containing copper, zinc and lead, this concentration was higher than those of industrialized cities, such as South Essex in United Kingdom and Hong Kong. After a few months the site reopened until 1992 when it was officially closed and shifted to Vingunguti solid waste dispose site and construction of temporary house established. From that time leachate continues to flow from site into adjacent Msimbazi River and there was a potential for methane gas leaks. In 1998 the dumping of solid waste was stopped and then the area was converted to be garages (Tabata Mandela local government office, 2014).

At garages site, currently there are about 100 employees serving up to 40 cars per day depending on services required. The services provided include engine repairs, welding of the car bonnet, exchanges of both diesel and oil filters which contain used oil and general repair of the cars. During this process there were no proper controls of solid waste and waste water containing petroleum products which are hydrocarbon pollutants that are being discharged on the land (Plate 2.5).

Plate 2.5 :  Poor solid wastes disposal at the study area (Tabata)
2.8.22 Challenges and History of Water Problems in the Coastal Areas
The Dar-es-Salaam City is the largest urban centre in Tanzania. Dar es Salaam peri–urban and Coast Region have received most of demographic mitigation to the urban area in Tanzania. In these regions, shortage of domestic water has been caused by rapid expansion of the population and water pollution due to inappropriate operation and management of existing water supply systems.

Groundwater was the main source of water supply for Dar es Salaam residents until 1949 when the Mtoni water treatment plant (on river Kizinga) was constructed. The first borehole was drilled in 1943 at Temeke Diary plant, with the depth of 30 m and yield of 8m3 h-1 (service –plan, 1997). A few supplementary boreholes were drilled during  the period between 1943 and 1949. The completion of the mtoni water scheme and further constructions of Upper and Lower Ruvu  Water Treatment plants (on River Ruvu) in 1959 and 1975, respectively, caused a radical shift to surface water sources.  From 1975 to 1997, the pace of borehole drilling remained low, except for shallow wells in areas without tap water.

However, the recent rapid urban development and the associated increasing demand for domestic, public and commercial water supply from a growing population has placed increasing pressure on freshwater resources in coastal Tanzania. The current water demand for Dar es Salaam area is estimated to be around 410,000 m3day-1 while the actual water supply is about 126,900 m3day-1 from surface sources and 50,000 m3day-1 from groundwater (JICA, 2005). It is projected that the population of Dar es Salaam city will grow up from 3 million since 2005 to more than 5 million by the year 2030, raising the water demand to about 900,000 m3day-1 (JICA, 2005).Until recently, most of the water for the city has been drawn from the Ruvu and Kizinga Rivers, the most important sources of water to the city, involving significant operational costs. Prolonged droughts and deforestation have adversely affected the runoff characteristics within the river basin. Therefore, more than 1,800 shallow wells have been established to exploit the shallow part of the coastal aquifer system. This has been occurring without any overall resource management plan (Japan International Cooperation Agency (JICA, 2005). Most of the groundwater presently used in the city of Dar es Salaam is withdrawn from this shallow aquifer (JICA, 2005). Other challenges include: 
i)	No mechanism has been established by Ministry of Water and Irrigation for monitoring all drilled boreholes, because using of boreholes has been taken as stop gap solution.
i)	Most of the service provider (WUAs or User group) and private owners do not comply with water quality standards as they offer their service due to water shortage in their area of service
i)	High cost for water analysis due to presence of few laboratories
i)	The payment for water right permit is not well known to people since they don’t understand who is the custodian of water resource despite the fact that, the Ministry of Water is the one whose responsible for control by collecting water samples, analyzing and provide feedback to the users.
i)	Lack of experts and scientists in this field to support the improvement of water quality.
i)	Lack of machines, instruments and tools for analyzing water quality such as Atomic absorption spectrophotometer.
i)	No studies which have been done very recently at least to show the level of heavy metal pollution in the groundwater. 
i)	Poor design and selection of material used for construction of the water infrastructures sometimes contributes to in contaminating water source.
i)	Poor maintenance of the treatment plant, pipe network kiosk, tanks and Drawing Points affect the quality of water.
i)	Climate change brings intensive rainfall, flood, runoff and drought.
i)	Urbanization and industrialization of the city.
i)	Lack of dumping site and collection facilities.












Ilala Municipality (also a district) is one of three districts in Dar es Salaam (​https:​/​​/​en.wikipedia.org​/​wiki​/​Dar_es_Salaam_Region" \o "Dar es Salaam Region​), Tanzania (​https:​/​​/​en.wikipedia.org​/​wiki​/​Tanzania" \o "Tanzania​), the others being Temeke (​https:​/​​/​en.wikipedia.org​/​wiki​/​Temeke" \o "Temeke​) to the South and Kinondoni (​https:​/​​/​en.wikipedia.org​/​wiki​/​Kinondoni" \o "Kinondoni​) to the North. The area is commonly referred to as 'Downtown Dar', where much of the commerce, banking, and national offices are located. It is bordered by Indian Ocean to the East, Pwani Region to the West, Kinondoni municipality to the North, and Temeke municipality to the South as shown in the Figure 3.1 

Figure 3.1  :  Location of the Case Study Area
3.1.1 Area and Population 
The total area of the Ilala Municipality is about 364.97 km² with the total population of 1,220,611 people (Housing and Population Census, 2012) where 51% being female and 49% being male with a growth rate of 4.6% per annum (Dar City Council, 2004).
3.1.2 Sampling Locations  
The map below is shows the sampling points taken from most part of Ilala municipal and some parts of Temeke Municipal and sample collected from near or at petrol stations as described in key.

Figure 3.2  :  Represent Sampling Points

3.1.3 Mapping of Tabata Mandela
Mapping of the selected case study areas for Tabata Mandela that previously was used as dump site described in section 7 

Figure 3.3  :  Sampling point at Tabata Mandela and its geographical location

3.1.4 Mapping of Pugu Kinyamwezi dump site
Mapping of the selected case study areas for Pugu Kinyamwezi dump site showing the sampling points of Pugu kinyamwezi
 
Figure 3.4  :  Sampling point at Pugu Kinyamwezi

3.2 Materials  and Methods
Various materials were used during the process of accomplishing this work.

3.2.1 Reagents 
Nitric Acid and Hydrochloric Acid were purchased from HACH Company in USA and standard were purchased from ULTRA SCIENTIFIC Analytical Solution in USA. 

3.2.2 Collection of water samples 
Plastic sampling bottles (1000ml) were used for collection of water samples from various sources. These bottles were cleaned by soaking them overnight in 0.5% (v/v) analytical grade nitric acid and rinsed three times with distilled deionized water before use. This was done for the purpose of ensuring that all the metal that might have been sorbed on the surface of these bottles are completely removed. 

3.2.3 Preparation of distilled deionized water 
Distilled deionized water was prepared by using a Bibby Merit Water Still W4000 (prd0984) distillation column and thereafter passed through an Elgastat Micromeg column (Elga®) for deionization.

3.2.4 Measurement of pH 
The pH of water was measured by using a pH meter (Hach® H130 Rugged Pocket). The water samples from the borehole water were placed into the beaker immediately after their collection then the pH meter probe was inserted into the water and left for some two to three minutes for the system to stabilize and then the measurements was read. 

3.2.5 Measurement of Electrical conductivity 
The electrical conductivity was measured by using an EC meter (Hanna EC meter HI98353 DiST-3). The procedure was the same as the ones used for measuring pH above. 

3.2.6 Measurement of  Heavy metal  
Heavy metal analysis was carried out by Perkin Elmer® Analyst 100 atomic absorption spectrophotometer (AAS), with Perkin Elmer® HGA 850 Graphite Furnace and Perking Elmer® AS 800 Auto- sampler made in Germany. However for metal analysis in this study, graphite furnace was replaced by flame and hence flame absorption spectroscopy was used for measurent. For analytical quality assurance, after every five sample readings, standards were run to make sure that the margin of error is within 5%. In every analytical batch, 10% of all samples were analyzed repeatedly to ensure the precision and accuracy of analysis. Standard reagents and blanks were also used in the process of analysis to ensure the precision. A 10 cm long slot burner head, a lamp and a standard air-acetylene flame were used. The detection limit was 0.01 ppm, silt width 0.7 nm and elements were 228.8, 357.9 ,324.8, 283.3 and 213.9 nm for Cd, Cr, Cu ,Pb and Zn respectively. Water samples previously filtered and preserved with HNO3 were analyzed directly into AAS, without any further treatment.

3.3 Sample Collection
Two sampling campaigns were conducted for this study, aiming at two extreme seasons in the area dry season (September to October 2014) and rainy season March to May 2015). Water samples were concurrently collected from forty three pre-selected  sampling locations described in sampling maps Fig. 3.2, 3.3 and 3.4. With the aid of a Global positioning system (GPS) receiver, samples were collected from exactly the same locations during the two sampling campaigns.

Water samples were collected by grabbing in 500 ml plastic bottle. The sampling bottles were pre soaked overnight with 10% HCL, rinsed using distilled water. The water Samples were stored in cold boxes and transported to the Environmental Engineering Laboratory at Ardhi University. Water samples for heavy metal were filtered, preserved with concentrated with nitric acid (HNO3) 1ml in one litre and analysed immediately upon arrival to the laboratory. Hand –held water quality portable monitor (Hach Sension 156) was used to measure the field parameters (temperature, pH, TDS, and EC), which were measured on site. About four measurements were made for each parameter at each sampling location during sampling expeditions, and mean values for each sampling season calculated.

3.3.1 Physical observation and field survey
Various areas within the municipal were visited to observe the existing situation for determination of sampling location, possible source of heavy metals contaminations and the way people handle their waste generated during various social and economic activities. Also some of the pictures/plates were taken for more evidence of existing situation. 

During a field survey conducted in April 2015, several boreholes and shallow wells were visited in the study area. GPS handset was used to record geographical locations of these water wells. 

3.4 Standard Method
This method was used for measuring level of Metallic composition. (Table 3.1 below) indicate permissible standard for Tanzania that can be used to compare data from measurements for discussion specific analysis of  metallic ions 


Table 3.1  :  Permissible limits for heavy metal  (Source: TZS 789:2003)
Parameter 	Limit (mg/L)	Test method
Arsenic (As)	0.05	EMDC1 1173: Part 8  ± Manual hydride Generation- Atomic Absorption Spectrometry
Cadmium (Cd)	0.05	EMDC1 1173: Part 7  ± Flame Atomic Absorption Spectrometry
Chromium (total)	0.05	EMDC1 1173: Part 7  ± Flame Atomic Absorption Spectrometry
Copper (Cu) 2	1.0	EMDC1 1173: Part 7 - Flame Atomic Absorption Spectrometry
Iron	1.0	EMDC1 1173: Part 7  ± Flame Atomic Absorption Spectrometry
Lead (Pb)	0.1	EMDC1 1173: Part 7  ± Flame Atomic Absorption Spectrometry
Manganese	5.0	EMDC1 1173: Part 7  ± Flame Atomic Absorption Spectrometry











This chapter covers discussion on findings obtained from various sources including Laboratory analysis, physical observation, in order to generate useful results that can be used for interpretation of status of groundwater water in relation to pollution and urbanization. Therefore, five selected heavy metal (Cadmium, Lead, Chromium, Copper and Zinc) as stated in scope of this study are discussed and some physical parameters (Temperature, Electrical conductivity and pH) that are related with the availability of heavy metal in different media such as water.

4.2 Onsite Measurement 
Three physical parameters were analyzed at the site because they undergo changes with time; they include Temperature, Electrical conductivity and pH. These parameters were analyzed at the location of sampling points. Samples were collected during the dry season and rain season to evaluate the variation with season. A total of four samples were collected from each point.

4.2.1 pH
Table 4.1  :  pH values for different Water Sample 








Generally due to some chemical nature of the area and usage, lower values obtained may represent groundwater wells around that area have property of being acidic and dry season has  many sampling points with the smallest values as indicated in Table 4.1 and Fig.4.1 (a, b, c) as compared to both standard WHO (6.5-8.5) and TBS (TZS: 789: 2008) (6.5-9.5). Low values of pH indicate favorable conditions for presence of heavy metal in the groundwater and the lowest value of pH may cause the heavy metal to dissolve in water according to Tonya (2008). The near neutral pH levels observed could be due to the dissolution of minerals. 

(a) Petrol station                       (b) Dumpsite                             (c) Residential areas
Figure 4.1 pH values from different source

4.2.2 Electrical conductivity 
Table 4.2  :  Electrical Conductivity of water from different sources 









Table 4.2 and figure 4.2 (a, b, c) show electrical conductivity values that were different at every sampling point and sampling season (dry season and rain season) due to variation in dissolved ions in groundwater. Dry season was observed to have small values for each sample source and high values but with small significant difference as compared to Rain season that were out of recommended limits of both standards that is WHO (1000 µS/cm) and TBS (TZS: 789: 2008) (1500-2000 µS/cm). Reason for the trend may be due to increase in concentration of salts, organic and inorganic materials runoff from domestic and other human activities. The higher conductivity represents the higher concentration of free metal ions in water; therefore reduce the heavy metal concentration from groundwater. Also lower concentration of electrical conductivity represent high concentration of metal atom hence increase the level of heavy metal in the groundwater. Also the concentration of EC in residential areas was higher than other sampling sites which can be attributed to them being closer to the sea shore. 

(a) Petrol station                      (b) Dumpsite                                (c) Residential areas
Figure 4.2 Electrical Conductivity Concentrations of groundwater wells

4.2.3 Temperature
Table 4.3  :  Temperature during Various Seasons
Source of sample	Temperature values (OC)	Sampling point 	Season type
	Highest	lowest	For highest	For lowest	







Table 4.3 and Figure 4.3 (a, b, c) present Temperature values. Temperature varies from point to point, time of measurement and source of sample as indicated in Table 4.3. There is no any significant difference of temperature of the dry and wet seasons. Since temperature may influence the chemical reaction in groundwater and facilitate heavy metal dispersion in water well and the aquifer, this may be contributed by activities going at the site like industries that may release raw water to land containing higher temperature, therefore may change temperature property of the land and finally groundwater.

(a) Petrol station                           (b) Dumpsite                      (c) Residential areas
Figure 4.3 Temperature of Groundwater

4.3 Laboratory Analysis
Analyses of metal ion composition were conducted at Environmental Engineering Laboratory Ardhi University and results were computed based on TZS 789:2008 and WHO standards as shown in Appendix section. The raw data from laboratory were manipulated statistically based on mean and standard deviation (mean ± sdv) for n=4. Heavy metals ions under this section are analyzed, with support of physical parameters and intensive survey information to draw conclusion about the findings of the study.
4.3.1 Cadmium (Cd)
Table 4.4  :  Highest and lowest Cadmium Concentration at Various Sampling Points
Source of sample	Cd Concentration (mg/L)	Sampling point 	Season type
	Highest	lowest	For highest	For lowest	







Table 4.4 represents result of cadmium concentration in groundwater water well from different water samples. The highest concentration was 0.5±0.1 mg/L as shown in Table 4.4 for dry season and lowest reading was below detection limits (<0.001) for the sample collected at/near petrol station (Figure 4.4). The highest concentration may be due to contribution by production activities like industries car washing, dumpsite, garages, petroleum Product Leakage. Another reason particularly to residential water well may be poor control and management of solid wastes. Highest concentration for dry season may be due to poor/slow groundwater flow because of limited recharge from rainfall and heavy metal tend to concentrate more due to small dilution.

a) Dumpsite                         (b) Residential area                 (c) Petrol station
Figure 4.4 Cadmium concentrations from Groundwater Well from different Source

4.3.2 Lead (Pb)
Table 4.5  :  Lead Concentration in Various Sampling Points 









Results show great variation in heavy metal concentrations from sampling points and season.  Some of these samples exceeded permissible Tanzania standard of 0.1 mg/L and 0.05 mg/L WHO standard as represented by Figure 4.5 (a, b, c) and Table 4.5. The highest concentration of lead in the water well was observed at petrol station. This may have been contributed by the pollutions related to filling and servicing of the vehicles at the station and possibly the leakages of the underground fuel storage tanks.  Laboratory analysis reveals that the concentrations of lead were higher during the dry season particularly as compared to their concentration during wet season. In many sampling points the concentration of lead during wet season was below detection limits. This might have been contributed by the high dilution factors during rainfall season. Only in few cases lead concentration was high during the rainy season exceeding the permissible limit. In these cases it indicates that there are enormous pollution sources in these areas, to the extent that the dilution by rain water does not bring the concentration to the acceptable levels. 

Lead is considered toxic even at low concentration when up taken. Thus, resident relying on these boreholes are at risk of contracting health problems such as cumulative general metabolic poison (Cambra et al, 1999).

(a)Petrol station                              (b) Dumpsite                       (c) Residential area
Figure 4.5: Lead Concentrations from the Site

4.3.3 Chromium (Cr)
During dry season Cr concentration in water samples at different locations at study area ranged from below detection limits to 1.1±0.01 mg/L. The sample collected near/at petrol station Cr concentration was 1.1±0.1 mg/L for Rain Season (Fig. 4.6, a) and 0.23±0.1 mg/L (Fig. 4.6 b), during dry Season. The sample from dumpsite at sampling point 9 which is high concentration compared to other sampling points and values ranged from below detection Limits to 0.45 mg/L(Fig. 4.6 c),  from Residential areas. The TBS (TZS: 789: 2008) and WHO standards of Cr for drinking water is 0.05 mg/L, observed values were out of these limits. 

The higher peak of concentration of observed Cr concentration in some sampling points proves that there are external sources of these contaminants in the owned water well owned by the inhabitants. The presence of open dumping site with poor management of solid waste and extreme sand soil type and very high water table, soil saturation as the results of rainfall may be the cause for excessive high concentration of Chromium (Cr) for the analyzed Groundwater wells.

(a) Petrol station                          (b) Dumpsite                         (c) Residential area
Figure 4.6: Chromium Concentrations from the Site
4.3.4 Copper
The results for copper concentration ranged from below detection limits to 1.7±0.1 mg/L at at all sampling points. 16 samples collected from petrol stations during both dry season and rain seasons were within recommended standard (Fig. 4.7 a). The copper concentration of saples from the dumpsite site ranged was below the detection limits of 1.33±0.01 mg/L (Fig. 4.7(a)). During dry season the concentration 1.23±0.01 mg/L and 0.23 mg/L during wet season was observed specifically at point 7 and 13 of the residential areas. Some points as mentioned were out of range/limit for TBS (TZS: 789: 2008) which is 1mg/L and WHO (0.05 mg/L). 

Most of sampling points were within range major reason may be due to less disposal of industrial solid waste containing copper materials. But the high concentration observed may be due to settling of copper compounds or binding of copper to either water sediment or soil particles. Soluble copper compounds form the largest threat to human health. Usually water-soluble copper compounds occur in the environment after release through application in agriculture.

Long-term exposure to copper can cause irritation of the nose, mouth and eyes and it causes headaches, stomachaches, dizziness, vomiting and diarrhea. Intentionally high uptakes of copper may cause liver and kidney damage and even death. Furthermore, carcinogenic effect of copper has not been yet determined.
   
Petrol station                                (b) Dumpsite                       (c) Residential area
Figure 4.7: Copper Concentrations from the Site

4.3.5 Zinc
Concentration of zinc in the analyzed borehole water sample was found to be low compared with the standard, while in some borehole zinc concentration was below detection limit (Fig. 4.8 ). The low concentration of zinc may be due to its properties in soil; Zinc does not volatilize from water but is deposited primarily in sediments through adsorption and precipitation.  Severe zinc contamination tends to be confined to areas near emission sources.  Large amounts of contaminated soil need to be ingested in order to reach the registered dietary index value of 3.3–3.8 mg of zinc a day.  It is, therefore unlikely, that the zinc found in the contaminated soil would pose a health risk if ingested.

(a)Petrol station                              (b) Dumpsite                       (c) Residential area
Figure 4.8: Zinc Concentrations

4.4 Temporal and Spatial Trends of Heavy Metal Pollution in Ilala Dar es Salaam
In Ilala Dar es Salaam, a large amount of anthropogenic wastes from garages, car washing, petrol station and industries are released to the environment without prior treatment on daily basis. Heavy metals such as cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb) and zinc (Zn), some of which are toxic, are among the wastes being released. The concentration of most of the heavy metals in groundwater is higher in areas near Dumpsite, petrol station than outside area. The concentration of Cd, Cr, and Pb increase from suspected source of contaminants and decrease the further you move from the source. Also the concentration of these three metals increases with increasing distance to the boundary of the study area. 

4.5 Current situation of Heavy Metal Level of Pollution
The current situation of heavy metal pollution in Dar es salaam city is not clearly known but this research shows that the groundwater wells are contaminated as revealed by results from laboratory particularly water wells near petrol station, dumpsite and others. Anthropogenic activities like garages, industries and car washing. Therefore this level of pollution have to be addressed to a large extent to bring current situation on heavy metal pollution under control.

4.6 Management Solutions to Groundwater Contaminations
Most households in Dar es Salaam city use groundwater as major source of water supply, therefore it is important to manage water resources because of population increase that accelerates high water demand. For example urban area is facing these problems, need groundwater management strategies because it will eliminate or even prevent environmental and human health problem. Groundwater protection and regular monitoring are essential tools for groundwater management. 

4.6.1 Groundwater Monitoring
Regular monitoring of groundwater should be done based on major pollutants like heavy metals (Lead, Cadmium, and Chromium), Faecal Coliforms and hydrocarbons. This will help to understand the hydraulic profile within the area and transport mechanisms of pollutants.  

4.6.2 Groundwater Protection
During survey and drilling of groundwater resource, it is essential to consider sources of pollution and to understand the transport mechanism for such contaminants for example, sanitation facilities (toilets) and other production activities like Garages; Industrial activities should be put into considerations. 

Proactive measures should be enhanced such as analysis of groundwater before being supplied to the community and if it exceeds regulated standards, it has to be treated with available methods such as local boiling, filtration, and even chlorination if possible.

4. 6.3 Adequate Legislation
Since there are no direct policies, laws and guidelines that explain groundwater management from pollution or contamination as one parcel, the prevention and control from pollution is within other general water resource management policies and acts. Integrated Water Resource Management Act of 2009, National Environmental Policy (1997) and National water policy (2002) were enacted in order to control and maintain water resources. In paragraph 48(a) of National Environmental Policy explains about water and sanitation, whereby it strive to promote and give the way water resources (including groundwater) are protected and paragraph 49 of the same policy elaborates the main objective of preventing, reducing and controlling the water resources from being polluted by land based pollution. 

4.6.4  Provision of Training and Education


















Based on the findings presented in this report it can be concluded that: 
Groundwater in Ilala Dar es Salaam have been fairly polluted with heavy metal such as cadmium (Cd), lead (Pb), chromium (Cr), and Copper (Cu) originating from various anthropogenic activities. 

Dumpsite and the fuel filling stations have shown to have a major contribution of the heavy metal pollution to the groundwater.   Maximum concentration for Cd were 0.5±0.1mg/L (near petrol station) during dry season and 0.39±0.1mg/L (Residential area) during rainy season, for Pb were 1.9±0.01mg/L (near petrol station) during dry season and 1.02±0.01mg/L (at/near Dumpsite) during rainy season and Cr maximum concentration were 1.1±0.0mg/L and 0.45mg/L during dry and rain season respectively.

The heavy metal concentration varies with season where by the concentration is low during the rainy season as the results of dilution by rain water.   Users of this polluted groundwater are at risks of contracting various health problems including cancers. Wells in sand soil are more vulnerable to groundwater contamination.
 
5.2 Recommendations 
Based on the findings gathered from this study and in order to minimize the human risk which may result from groundwater contamination by heavy metals it is recommended that:
1.	All wells with high metal concentration beyond the Tanzanian standards should be banned from supplying water 
2.	All the possible sources of pollution to these wells should be established and disciplinary actions to be taken against polluters in accordance with the polluters pay principle. 
3.	Alongside this attempts to treat waste before it enters the environment measures to reduce contamination should be in place to all the investors and dumping sites need to introduce leachate collectors and treatment system
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Summary of results in accordance with standards, TBS and WHO collected from Residential area









Appendix D Summary of results in accordance with standards, TBS and WHO collected from Dumpsite








Appendix D Summary of results in accordance with standards, TBS and WHO collected near/ at Petrol station
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